Abstract-In this paper an ultrawide bandwidth double-layered Vivaldi antenna (DLVA) integrated in Radome housing is proposed. First the conventional Vivaldi antenna is designed with bandwidth extended from 1.8 to 6 GHz at VSWR (3 : 1). Then for wider bandwidth, two slots are etched in the antenna ground plane to extend the antenna bandwidth from 1.7 to 9 GHz. For more improvement in antenna bandwidth, circular slots as electromagnetic band-gap structure (EBG) are etched to further extend the antenna bandwidth from 1.45 to 10 GHz. For gain enhancement double layers of Vivaldi antenna ground plane are designed with the same feeding line to reach 29 dBi peak. High frequency structure simulator (HFSS) ANSYS is used to design and simulate all the design steps. The proposed antenna is fabricated and measured. Finally, DLVA is integrated inside the Radome to improve the antenna gain and protect the proposed antenna from environmental factors. The antenna is fabricated and tested, and a good agreement between simulated and measured results is found.
INTRODUCTION
Recently, radar, microwave imaging, remote sensing, and ultra-wideband (UWB) communication systems use ultra-wideband antennas, which have compact size and high gain. Tapered slot antennas (TSA) with UWB and high gain are a suitable choice, which have advantages of compact size, wide impedance bandwidth, and high gain. Granted by the U.S. Federal Communications Commission (FCC), the frequency bandwidth from 3.1 to 10.6 GHz is allocated for UWB applications which is 7.5 GHz wide [1] [2] [3] . Design of a UWB dual-polarized array of differentially fed tapered slot antenna elements is presented in [4] [5] [6] . It is used for astronomical applications. Vivaldi antenna is a kind of tapered slot antenna with broadband, high gain and light weight. The structure of a Vivaldi antenna is composed of a taper slot, which is considered as a two-dimensional exponential horn. This tapered slot is mounted on a dielectric substrate which is mounted on ground plane. Vivaldi antenna can be designed in antipodal shape, which is called antipodal Vivaldi antenna. This antipodal Vivaldi antenna has the advantage of wider bandwidth than regular Vivaldi antenna [7] [8] [9] [10] . Dispersion behaviour of specific Vivaldi antennas investigated in both frequency and time domains is introduced in [11] . The Vivaldi antenna can be used as a sensor for a microwave breast cancer detection system [12] . A UWB high gain compact Vivaldi antenna with endfire radiation pattern is also presented for radar and microwave imaging applications [13, 14] . Vivaldi antenna is linearly polarized. It can be designed for circular polarization as in [15] . Also Vivaldi antenna can be used to build array. Vivaldi antenna array is investigated in [16] which has compact size because it consists of eight Vivaldi antenna elements connected sequentially and folded into a hollow cylinder. Also two different types of Vivaldi antenna arrays are designed in [7] , which are for UWB through wall applications. The first is a 16 × 1 antipodal Vivaldi antenna which covers 8-12 GHz, and the second is an 8 × 1 tapered slot antenna for 2-4 GHz frequency band.
In this paper, a UWB double-layered Vivaldi antenna inside radome is designed for ultrawide bandwidth and high gain. The antenna structure with design and the evolution of the proposed antenna are presented in Section 2. In Section 3, the simulation and measurement of the proposed antenna are discussed in terms of the antenna impedance, reflection coefficient, surface current distribution, group delay, radiation efficiency and antenna gain. The fabricated antennas are evaluated based on the measurements of reflection coefficient. Finally, Section 4 presents the conclusion of the proposed work.
ANTENNA DESIGN
The Vivaldi antenna is printed on a dielectric substrate of FR-4 with dielectric constant ε r = 4.5 and tan δ = 0.02. The substrate has dimensions (L sub × W sub ), and thickness of substrate is 1.6 mm. The proposed Vivaldi antenna is shown in Fig. 1 . All simulations are carried out using the EM commercial simulator HFSS version 14.0, which is based on the finite-element numerical method. The first design is a conventional Vivaldi, fed using a line which excites a circular space via a microstrip line and terminated with a sector-shaped area as shown in Fig. 1(a) . The ground plane and feeding network dimensions are shown in Table 1 . Exponential curvature can be changed according to the exponential rate (R). The shape of the curvature influences the beginning of the taper and the wide end of the taper. On both places, a reflection of the traveling wave is likely to occur. The exponential pattern is given by R = ±0.018e 0.27z to improve the impedance bandwidth. Then the symmetrical slots R slot are etched to increase the antenna bandwidth as shown in Fig. 1(b) . The modified version from the first one is obtained by slotting the two arms of the Vivaldi antenna. Then circular slots as EBG structure are etched at the edge in the two exponential shapes of Vivaldi antenna ground plane. Also, a triangular slot is etched to add more reduction in size and to improve the bandwidth of the Vivaldi antenna. The proposed antenna design is shown in Fig. 2 . This design is used to investigate a dual-layered Vivaldi antenna as shown in Fig. 3(a) . DLVA consists of two layers from the the dielectric sheet, and the feeding line is sandwiched between them, and the two layers of metal Vivaldi are mounted on the dielectric sheet (one at the top and the other at the bottom). The DLVA achieves improvement in both antenna impedance matching and gain all over the band. The 3-D structure of the DLVA is shown in Fig. 3(a) . Fig. 3(b) shows the DLVA inside a radome. The complete optimized dimensions of the proposed antenna with the dimensions in Figure 2 are shown in Table 1 . Figure 4 shows the reflection coefficient variation versus frequency for the five-step design of Vivaldi antennas. The results indicate the improvement of bandwidth for each step of the design. Comparisons of the antenna impedance (real and imaginary parts) for single layer, DLVA, and DLVA inside the radome are indicated in Fig. 5 . From this figure, the real impedance value is reduced to around 50 Ω by using a dual-layer substrate, and more improvement is done by adding radome housing. Fig. 6 shows the antenna gain of the single-, dual-layer and dual-layer inside radome, respectively. The gain gives better performance by using dual substrate layers from 8 dBi to 12 dBi in average over the operating band, and another improvement is done by building the proposed antenna inside radome to reach 15 dBi in average. Radiation patterns at optimized DLVA antenna dimensions are measured by using homemade far-field anechoic chamber at different frequencies.
SIMULATION AND MEASURED RESULTS
To validate the results, the proposed antennas with and without EBG are fabricated and measured by using printed circuit board (photolithographic) technology. Fig. 7 shows photos of the fabricated antenna of both layers and feeding line. The comparison between the measured and simulated results is performed and indicates good agreement (see Fig. 8 ). One can notice that there is a slight difference between the measured and simulated results of the antenna impedance frequencies due to soldering and feeding connector. Table 2 shows the measured radiation patterns at optimized DLVA antenna dimensions by using homemade far-field anechoic chamber at different operating frequencies within the operating band. The radiation patterns correspond to axes as shown in Fig. 2 , with currents aligned in the X and Z directions. The radiation pattern shows a good bidirectional characteristic which is valid for wireless communications. GD is also important for UWB applications. Large GD ripples may cause unsatisfactory distortion in the signal of a transmitting radio system. Fig. 9 shows the comparison between simulated and measured group delays, and it is clear that the average group delay is about 1.5 × 10 −9 second. 
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CONCLUSION
A conventional UWB Vivaldi antenna is designed. Then a modified Vivaldi antenna is designed by inserting two exponential shapes in the ground plane. Finally, circular slots at the edge of the antenna ground plane are etched to get modified Vivaldi EBG to achieve wider bandwidth than the conventional Vivaldi antenna. After that, a Vivaldi antenna with more circular slots at the edges of the antenna arms and triangular slot have been designed to get modified Vivaldi EBG with a wider bandwidth than the conventional Vivaldi antenna. Also a dual-layered Vivaldi antenna is introduced. Study of the behavior of the DLVA inside the radome is performed, which indicates that the DLVA inside the radome has better performance for both antenna impedance and gain all over the operating bandwidth. The antenna is fabricated, and the performance is measured.
